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PREFACE

——

SEVERAL years ago Lord Rosebery founded, in
the University of Edinburgh, a lectureship on “ The
Philosophy of Natural History,” and I was invited by
the Senatus to deliver the lectures. This invitation
I accepted, and subsequently constituted the material
of my lectures the foundation of another course, which
was given in the Royal Institution, under the title
“ Before and after Darwin.” Here the course extended
over three years—namely from 1888 to 189o. The
lectures for 1888 were devoted to the history of biology
from the earliest recorded times till the publication of
the “Origin of Species” in 1859 ; the lectures for
1889 dealt with the theory of organic evolution up to
the date of Mr. Darwin's death, in 1882; while
those of the third year discussed the further develop-
ments of this theory from that date till the close of
the course in‘18go0.

It is from these two courses—which resembled each
other in comprising between thirty and forty lectures,
but differed largely in other respects—that the pre-
sent treatise has grown. Seeing, however, that it has
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expressed ; but I should like to take this opportunity
of also expressing my obligations to the students who
attended the lectures in the University of Edinburgh.
For alike in respect of their large numbers, their
keen intelligence, and their generous sympathy, the
members of that voluntary class yielded a degree of
stimulating encouragement, without which the labour .
of preparing the original lectures could not have been
attended with the interest and the satisfaction that I
found in it. My thanks are also due to Mr. R. E.
Holding for the painstaking manner in which he has
assisted me in executing most of the original drawings
with which this volume is illustrated ; and likewise to
Messrs. Macmillan and Co. for kindly allowing me
to reprint—without special acknowledgment in every
case—certain passages from an essay which they
published for me many years ago, under the title
“Scientific Evidences of Organic Evolution.  Lastly,
I must mention that I am indebted to the same firm
for permission to reproduce an excellent portrait of
Mr. Darwin, which constitutes the frontispiece.

G.J.R.
- CHRIST CHURCH, OXFORD, )
April 19¢th, 1892.
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DARWIN, AND AFTER DARWIN.

——

CHAPTER L

INTRODUCTORY.

AMONG the many and unpreccdented changes that
have been wrought by Mr. Darwin’s work on the Origin
of Species, there is one which, although second in im-
portance to no other, has not received the attention
which it deserves. I allude to the profound modifi-
cation which that work has produced on the ideas of
naturalists with regard to method.

Having had occasion of late years somcwhat closely
to follow the history of biological science, I have every-
where observed that progress is not so much marked
by the march of discovery per se, as by the altered
views of method wh.ch the march has involved. If
we except what Aristotle called “the first start” in
himself, I think one may fairly say that from the re-
juvenescence of biology in the sixtcenth century to
the stage of growth which it has now reached in the
nineteenth, there is a direct proportion to be found
between the value of work done and the degree in
which the worker has thereby advanced the true
conception of scientific working. Of course, up to a
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Introductory. 3

what may be termed the Bugbear of Speculation. Fully
awakened to the dangers of web-spinning from the
ever-fertile resources of their own inner consciousness,
naturalists became more and more abandoned to the
idea that their science ought to consist in a mere
observation of facts, or tabulation of phenomena,
without attempt at theorizing upon their philosophical
import. If the facts and phenomena presented any
such import, that was an affair for men of letters to
deal with; but, as men of science, it was #&ezr duty to
avoid the seductive temptations of the world, the flesh,
and the devil, in the form of speculation, deduction,
and generalization.

I do not allege that this ideal of natural history was
either absolute or universal; but there can be no
question that it was both orthodox and general.
Even Linnaus was express in his limitations of true
scientific work in natural history to the collecting and
arranging of species of plants and animals. In ac-
cordance with this view, the szafus of a botanist or a
zoologist was estimated by the number of specific
names, natural habitats, &c.,, which he could retain in
his memory, rather than by any evidences which he
might give of intellectual powers in the way of con-
structive thought. At thc most these powers might
legitimately exercise themselves only in the direction
of taxonomic work; and if a Hales, a Haller, or a
Hunter obtained any brilliant results in the way of
observation and expcriment, their merit was taken to
consist in the discovery of facts per se: not in any
endeavours they might make in the way of combining
their facts under general principles. Even as late in

the day as Cuvier this ideal was upheld as the strictly
B 2






























Introductory. 13

as to its method. In other words, not until I shall
have fully considered the evidence of organic evolu-
tion as a process which somehow or another /as
taken place, will I proceed to consider 4ow it has
taken place, or the causes which Darwin and others
have suggested as having probably been concerned in
this process.

Confining, then, our attention in the first instance
to a proof of evolution considered as a fact, without
any reference at all to its method, let us begin by
considering the antecedent standing of the matter.

First of all we must clearly recognise that there are
only two hypotheses in the field whereby it is possible
so much as to suggest an explanation of the origin of
species. Either all the specics of plants and animals
must have been 'supeﬁlaturally created, or else they
must have been naturally evolved. .There is no third
hypothesis possible; for no one can rationally suggest
that species have been eternal.

Next, be it observed, that the theory of a continuous
transmutation of species is not logically bound to
furnish a full explanation of a// the natural causcs
which it may suppose to have been at work. The
radical distinction between the two theories consists
in the one assuming an immediate action of some
supernatural or inscrutable cause, while the other
assumes the immediate action of natural—and there-
fore of possibly discoverable—causes. But in order
to sustain this latter assumption, the theory of descent
is under no logical necessity to furnish a full proof of
all the natural causes which may have been concerned
in working out the observed results. We do not
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know the natural causes of many diseases ; but yet
no one nowadays thinks of reverting to any hypo-
thesis of a supernatural cause, in order to explain the
occurrence of any disease the natural causation of
which is obscure. The science of medicine being in
so many cases able to explain the occurrence of
disease by its hypothesis of natural causes, medical
men now feel that they are entitled to assume, on the
basis of a wide analogy, and therefore on the basis of
a strong antecedent presumption, that all diseases are
due to natural causes, whether or not in particular
cases such causes happen to have becn discovered.
And from this position it follows that medical men
are not logically bound to entertain any supernatural
theory of an obscure disease, merely because as yet
they have failed to find a natural theory. And so it
is with biologists and their theory of descent. Even
if it be fully proved to them that the causes which
they have hitherto discovered, or suggested, are in-
adequate to account for all the facts of organic nature,
this would in no wise logically compel thém to vacate
their theory of evolution, in favour of the theory of
creation. All that it would so compel them to do
would be to search with yet grehter diligence for the
natural causes still undiscovered, but in the existence
of which they are, by their independent evidence in
favour of the theory, bound to believe.

In short, the issue is not between the theory of a
supernatural cause and the theory of any onc parti-
cular natural cause, or sct of causes—such as natural
selection, usc, disuse, and so forth. The issue thus
far—or where only the fac? of evolution is concerned—
is between the theory of a supernatural cause as
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operating immediately in numberless acts of special
creation, and the theory of natural causes as a whole,
whether these happen, or do not happen, to have been
hitherto discovered.

This much by way of preliminaries being under-
stood, we have next to notice that whichever of the
two rival theories we choose to entertain, we are not
here concerncd with any question touching the origin
of life. We are conccrned only with the origin of
particular forms of life—that is to say, with the origin
of species. The theory of descent starts from life as
a datum already granted. How life itself came to be,
the theory of descent; as such, is not concerned to
show. Therefore, in the present discussion, I will take
the’ existence of life as a fact which does not fall
within the range of our present discussion. No doubt
the question as to the origin of life is in itself a deeply
interesting question, and although in the opinion of
most biologists it is a question which we may well
hope will some day fall within the range of science to
answer, at present, it must be confessed, science is not
in a position to furnish so much as any suggestion upon
the subject; and therefore our wisdom as men of -
science is frankly to acknowledge that such is the case.

We are now in a position to observe that the theory
of organic evolution is strongly recommended to our
acceptance on merely antecedent grounds, by the fact
that it is in full accordance with what is known as the
principle of continuity. By the principle of continuity
is meant the uniformity of nature, in virtue of which
the many and varied processes going on in nature are
due to the same kind of mcthod, i.e. the method of


















Introductory. 21

miraculously created units of organic nature. Now,
all that I have at present to remark is, that this
pre-Darwinian exception which was made in favour
of species to the otherwise recognised principle of
gradual change, was an exception which can at no
time have been recommended by any antecedent
considerations. At all times it stood out of analogy
with the principle of continuity ; and, as we shall fully
find in subsequent chapters, it is now directly con-
tradicted by all the facts of biological science.

There remains one other fact of high generality to
which prominent attention should be drawn from the
present, or merely antecedent, point of view. On
the theory of special creation no reason can be
assigned why distinct specific types should present
any correlation, either in time or in space, with their
nearest allies; for there is evidently no conceivable
reason why any given species, A, should have been
specially created on the same area and at about the
same time as its nearest representative, B,—still less,
of course, that such should be a general rule through-
out all the thousands and millions of species which
have ever inhabited the earth. But, equally of course,
on the theory of a natural evolution this is so necessary
a consequence, that if no correlation of such a two-fold
kind were observable, the theory would be negatived.
Thus the question whether there be any indication
of such a two-fold correlation may be regarded as
a test-question as between the two theorics; for
although the vast majority of extinct species have
been lost to science, there are a countless number
of existing species which furnish ample material for
answering the question. And the answer is so un-
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equivocal that Mr. Wallace, who is one of our greatest
authorities on geographical distribution, has laid it

"down as a general law, applicable to all the depart-

ments of organic nature, that, so far as observation
can extend, “ every spccies has come into existence
coincident both in space and time with a pre-existing
and closely allied species.” As it appears to me that
the significance of these words cannot be increased by
any comment upon them, I will here bring this intro-
ductory chapter to a close.



CHAPTER II

CLASSIFICATION.

THE first line of direct evidence in favour of organic
evolution which I shall open is that which may be
termed the argument from Classification.

It is a.matter of observable fact that different forms
of plants and animals present among themselves more
or less pronounced resemblances. From the earliest
times, thercfore, it has been the aim of philosophical
naturalists to classify plants and animals in accord-
ance with these resemblances. Of course the earliest
attempts at such classification were extremely crude.
The oldest of these attempts with which we are ac-
quainted-—namely, that which is presented in the books
of Genesis and Leviticus—arranges the whole vegetable
kingdom in three simple divisions of Grass, Herbs, and
Trees; while the animal kingdom is arranged with
almost equal simplicity with reference, first to habitats
in water, earth, or air, and next as to modes of pro-
gression. These, of course, were what may be termed
common-sense classifications, having reference merely
to external appearances and habits of life. But when
Aristotle laboriously investigated the comparative
anatomy of animals, he could not fail to perccive that
their entire structures had to be taken into account in
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engaged in tracing when they proceeded ever more
and more accurately to define these ramifications of
natural affinity. But now, as just remarked, we can
clearly perceive that this underlying principle was none
other than Heredity as expressed in family likeness,
—Ilikeness, therefore, growing progressively more
unlike with remoteness of ancestral relationship. For
thus only can we obtain any explanation of the sundry
puzzles and apparent paradoxcs, which a working out
of their natural classifications revealed to botanists and
zoologists during the first half of the present century.
It will now be my endeavour to show how these
puzzles and paradoxes are all explained by the theory
that natural affinities are merely the expression of
genetic affinities.

First of all, and from the most general point of
view, it is obvious that the tree-like system of classifi-
cation, which Darwin found already and empirically
worked out by the labours of his predccessors. is as
suggestive as anything could well be of the fact of
genetic relationship. For this is the form that every
tabulation of family pedigree must assume ; and there-
fore the mere fact that a scientific tabulation of natural
affinities was eventually found to take the form of a
Iree, is in itself highly suggestive of the inference that
such a tabulation represents a jfamily tree. If all
species were separately created, there can be no assign-
able reason why the ideas of earlier naturalists touch-
ing the form which a natural .classification would
eventually assume should not have represented the
truth—why, for example, it should not have assumed
the form of a ladder (as was anticipated in the
seventeenth century), or of a map (as was anticipated in
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fication the apparent paradox is at once explained.
For it is evident that organs of functional importance
are, other things equal, the organs which are most
likely to undergo different modifications in different
lines of family descent, and therefore in time to have
their genetic relationships in these different lines
obscured. On the other hand, organs or structures
which are of no functional importance are never called
upon to change in response to any change of habit, or
to any change in the conditions of life. They may,
therefore, continue to be inherited through many
different lines of family descent, and thus afford
evidence of genectic relationship where such evidence
fails to be given by any of the structures of vital
importance, which in the course of many generations
have been required to change in many ways according
to the varied experiences of different branches of the
same family. Here, then, we have an empirically
discovered rule in the science of classification, the
raison d'étre of which we are at once able to appre-
ciate upon the thecory of evolution, whereas no
possible explanation of why it should ever have
become a rule could be furnished upon the thcory of
special creation.

Here, again, is another empirically determined rule.
The larger the number, as distinguished from the
smportance, of structures which are found common
to different groups, the greater becomes their value
as guides to the determination of natural affinity.
Or, as Darwin puts it, “the valuec of an aggre-
gate of characters, even when nonc are important,
alone explains the aphorism enunciated by Linnaus,
namely, that the:characters do not give the genus,

D2
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that these characters have been inherited from a
common ancestor ; and we know that such aggregated
characters have especial value in classification 1.”

It is true that even a single character, if found
common to a large number of forms, while uniformly
absent from others, is also regarded by naturalists as
of importance for purposes of classification, although
they recognise it as of a value subordinate to that of-
aggregates of characters. But this also is what we
should expect on the theory of descent. If even any
one structure be found to run through a number of
animals presenting differcnt habits of life, the readiest
explanation of the fact is to be found in the theory of
descent ; but this does not hinder that if several such
characters always occur together, the inference of
genetic relationship is correspondingly confirmed.
And the fact that before this inference was ever drawn,
naturalists recognised the value of single characters in
proportion to their constancy, and the yet higher
value of dggregates of characters in proportion to
their number—this fact shows that in thcir work of
classification naturalists empirically observed the
effects of a cause which we have now discovered, to
wit, hereditary transmission of characters through
ever-widening groups of changing spccics.

There is another argument which appears to tell
strongly in favour of the theory of descent. We have
just seen that non-adaptive structures, not being
required to change in response to change of habits or
conditions of life, are allowed to persist unchanged
through many generations, and thus furnish excep-
tionally good guides in the science of classification—

! Origin of Species, p. 373.
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upon the theory of special creation. Therefore, the
only possible way in which all this uniform body of
direct evidence can be met by a supporter of the
latter theory, is by falling back upon the argument
from ignorance. We do not know, it may be said,
what hidden reasons there may have been for fol-
lowing all these general principles in the separate
creation of specific types. Now, it is evident that
this is a form of argument which admits of being
brought against all the actual—and even-all the
possible—lines of evidence in favour of evolution.
Therefore I deem it desirable thus early in our pro-
ceedings to place this argument from ignorance on its
proper logical footing.

If there were any independent evidence in favour of
special creation as a fac?, then indeed the argument
from ignorance might be fairly used against any sceptical
cavils regarding the met/hod. In this way, for cxample,
Bishop Butler made a legitimate use of the argument
from ignorance when he urged that it is no reasonable
objection against a revelation, otlecrwise accredited, to
show that it has been rendered in a form, or after a
method, which we should not have antccedently ex-
pected. But he could not have legitimatcly cmployed
this argument, except on the supposition that he had
some independent evidence in favour of the revela-
tion; for, in the absence of any such independent
evidence, appeal to the argument from ignorance
would have become a mere begging of the question,
by simply assuming that a revclation had been made.
And thus it is in the present case. A man. of course,
may quite legitimately say, Assuming that the theory of
special creation is lrue, it is not for us to anticipate the
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differs from that of an astronomer, in that the
objects which he has to classify present structural
" resemblances and structural differences in numberless
degrees; and it is the object of his classification to
present a tabular statement of these facts. Now,\
long before the theory of evolution was entertained,
naturalists became fully aware that these facts of
structural resemblances running through groups sub-
ordinate to groups were really facts of nature, and
not merely poetic imaginations of the mind. No one
could dissect a number of fishes without perceiving
that they were all constructed on one anatomical
pattern, which differed considerably from the equally
uniform pattern on which all mammals were con-
structed, even although some mammals bore an
extraordinary resemblance to fish in external form
and habits of life. And similarly with all the smaller
divisions of the animal and vegetable kingdoms.
Everywhere investigation revealed the bonds of close
structural resemblances between species of the same
genus, resemblance less close between gencra of the
same family, resemblance still less close between
families of the same order, rescmblance yet more
remote between orders of the same class, and resem-
blance only in fundamental features between classes
of the same .sub-kingdom, beyond which limit all
anatomical resemblance was found to disappear—
the different sub-kingdoms being formed on wholly
different patterns. Furthermore, in tracing all these
grades of structural relationship, naturalists were
slowly led to recognise that the form which a natural
classification must eventually assume would be that
of a tree, wherein the constituent branches would
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ment of group subordinate to group, when duc
regard is paid to degrees of anatomical resemblance
—this mere fact of itself tells so weightily in favour
of descent with progressive modification in differgnt
lines, that even if it stood alone it would be entitled
to rank as one of our strongest pieces of eyidence.
But, as we have seen, it does not stand alone. When
we look beyond this large and gencral fact of all the
innumerable forms of life being thus united in a
tree-like system by an unquestionable relationship of
some kind, to those smaller details in the science of
classification which have been found most useful as
guides for this kind of research, then we find that all
these details, or empirically discovered rules, arc
exactly what we should have expected them to be,
supposing the real meaning of classification to have
been that of tracing lines of pedigree.

In particular, we have seen that the most archaic
types are both simpler in their organization and more
generalized in their characters than are the more
recent types—a fact of which no explanation can be
given on the theory of special creation. But upon the
theory of natural evolution, we can without difficulty
understand why the earlier forms should have bcen
the simpler forms, and also why they should have
been the most generalized. For it is out of the older
forms that the newer must have grown; and, as they
multiplied. they must have become more and more
diffcrentiated.

Again, we have seen that\there is no correlation
between the importance of 'any structure from a
classificatory point of view, and the importance of that
structure to the organism which presents it. On the
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characters presenting resemblances to one another
have always been found to be of special importance
as guides to classification. This, of course, is what we
should have expected, if the real meaning of classifica-
tion be that of tracing lines of pedigree ; but on the
theory of special creation no reason can be assigned
why single characters are not such sure tokens of
a natural arrangement as are aggregates of characters,
however trivial the latter may be. For it is obvious
that unity of ideal might have been even better
displayed by everywhere maintaining the pattern of
some one important structure, than by doing so in the
case of several unimportant structures. Take an
analogous instance from human contrivances. Unity
of ideal in the case of gun-making would be shown by
the same principles of mechanism running through all
the different sizes and shapes of gun-locks, rather than
by the ornamental patterns engraved upon the outsides.
Yet it must be supposed that in the mechanisms
assumed to have been constructed by special creation,
it was the trivial details rather than the fundamental
principles of these mechanisms which were chosen by
the Divinity to display his ideals.

And this leads us to the next consideration—
namely, that when in two different lines of descent
animals happen to adopt similar habits of life, the
modifications which they undergo in order to fit them
for these habits often induces striking resemblances of

} structure between the two animals, as in the case of
* whales and fish. But in all such instances it is
! invariably found that the resemblance is only super-
ficial and apparent: not anatomical or real. In other
words, the resemblance does not extend further than
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characters carried to the point where the original
creative ideal has been so completely transformed
that, but for the accident of the chain being still
complete, no one of nature’s interpreters could possibly
have discovered the connexion. For,as we have seen,
this is not a case in which any appeal can be logically
made to the argument from ignorance of divine method,
unless some independent evidence could be adduced
in favour of special creation. And that no such inde-
pendent evidence exists, it will be the object of future
chapters to show.



CHAPTER IIIL

MORPHOLOGY.

THE theory of evolution supposes that hereditary
characters admit of being slowly modified wherever
their modification will render an organism better
suited to a change in its conditions of life. Let
us, then, observe the evidence which we have of such
adaptive modifications of structure, in cases where
the need of such modification is apparent. We may
begin by again taking the case of the whales and
porpoises. The theory of evolution infers, from the
whole structure of these animals, that their pro-
genitors must have bcen terrestrial quadrupeds of
some kind, which gradually became more and more
aquatic in thecir habits. Now the change in the
conditions of their life thus brought about would
have rendered desirable great modifications of struc-
ture. These changes would have begun by affecting
the least typical—that is, the least strongly inherited
—-structures, such as the skin, claws, and teeth. But,
as time went on, the adaptation would have ex-
tended to morc typical structures, until the shape of
the body would have become afiected by the bones
and muscles required for terrestrial locomotion be-
coming better adapted for aquatic locomotion, and
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to be met with even within the limits of our own
organization—and even when these limits are still
further limited by selecting only those instances which
refer to the very latest chapter of our long ancestral
history.



CHAPTER 1V,

EMBRYOLOGY.

WE will next consider what of late years has
become the most important of the lines of evidence,
not only in favour of the general fact of evolution,
but also of its history : I mean the evidence which has
been yiclded by the newest of the sciences, the science
of Embryology. But here, as in the analogous case
of adult morphology, in order to do justice to the
mass of evidence which has now becn accumulated,
a whole volume would be necessary. As in that
previous case, therefore, I must restrict myself to
giving an outline sketch of the main facts.

First I will display what in the language of Paley
we may call “ the state of the argument.”

It is an obscrvable fact that there is often a close
correspondence  between developmental changes as
revealed by any chronological series of fossils which
may happen to have been preserved, and develop-
mental changes which may be obscrved during the
life-history of now existing individuals belonging to
the same group of animals. For instance, the
successive development of prongs in the horns of
deer-like animals, which is so clearly shown in the
geological history of this tribe, is closely reproduced
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in the life-history of existing deer. Or, in other
words, the antlers of an existing deer furnish in their
development a kind of résumé, or recapitulation, of the
successive phases whereby the primitive horn was grad-
ually superseded by horns presenting a greater and
greater numberof prongs in successive species of extinct
deer (Fig. 26). Now it must be obvious that such a re-
capitulation in the life-history of an existing animal of
developmental changessuccessively distinctive of sundry
allied, though now extinct species, speaks strongly in
favour of evolution. For as it is of the essence of this
theory that new forms arise from older forms by way
of kereditary descent, we should anteccdently expect,
if the theory is true, that the phases of development
presented by the individual organism would follow, in
their main outlines, those phases of development
through which their long line of ancestors had passcd.
The only alternative view is that as species of deer.
for instance, were scparately creatcd, additional prongs
were successively added to their antlers; and yet
that, in order to be so added to successive specics,
every individual deer belonging to later species was
required to repeat in his own lifctime the process of
successive additions which had previously taken
place in a remote series of extinct species. Now I
do not deny that this view is a possible view; but I
do deny that it is a probable one. According to
the evolutionary interpretation of such facts, we can
see a very good reason why the life-history of the
individual is thus a condensed rdsumé of the lifc-
history of its ancestral species. But according to the
opposite view no reason can be assigned why such
should be the case. In a previous chapter—the
H 2
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to be met with even within the limits of our own
organization—and even when these limits are still
further limited by selecting only those instances which
refer to the very latest chapter of our long ancestral
history.
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observers to take place also from the male germ-cell,
or spermatozéon, at or about the close of ##s develop-
ment. The theories to which these facts have given
rise will be considered in future chapters on Heredity.

Turning now to the mechanism of fertilization, the
diagrams (Figs. 34, 35) represent what happens in
the case of star-fish.

The sperm-cell. or spermatozoén, is scen in the act
of penetrating the ovum. In the first figure it has
already picrced the mucilaginous coat of the ovum,

Fic. 35.—Fertilization of the ovum of a star-fish. (From the Encyel.
* Brit. after Fol.) A, spermatozoa in the mucilaginous coat of the
ovam ; a prominence is rising from the surface of the ovum towards
a spermatozo6n ; B, they have almost met; C, they have met; D,
the spermatozodn cnters the ovum through a distinet opening @ H,
the entire ovum, showing extruded polar Lodics on its upyer surface,
and the moving together of the male and fumale pronucla; E, F, G,
meeting and coalescence of the pronuclei.

the limit of which is represcnted by a line through
which the tail of the spermatozoon is passing: the
head of the spermatozodn is just cntering the ovum
proper. It may be noted that, in the case of many
animals, the general protoplasm of the ovum becomes
aware, so to speak, of the approach of a spermatozoon,
and sends up a process to mect it. (Fig. 35, A, B.C.)
Several—or even many—spermatozca may thus enter
the coat of the ovum ; but normally only one proceeds
further, or right into the substance of the ovum, for the
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CHAPTER V.

PALZONTOLOGY.

THE present Chapter will be devoted to a con-
sideration of the evidence of organic evolution
which has been furnished by the researches of geo-
logists. On account of its direct or historical nature,
this branch of evidence is popularly regarded as the
most important—so much so, indeed, that in the
opinion of most educated persons the whole doctrine
of organic evolution must stand or fall according to
the so-called “ testimony of the rocks.” Now, without
at all denying the peculiar importance of this line of
evidence, I must begin by remarking that it does not
present the denominating importance which popular
judgment assigns to it. For although popular judg-
ment is right in regarding the testimony of the rocks
as of the nature of a history, this judgment, as a rule.
is very inadequately acquainted with the great imper-
fections of that history. Knowing in a gencral way
what magnificent advances the science of geology has
made during the present century, the public mind is
more or less imbued with the notion, that because
we now possess a tolerably complete record of the
chronological succession of geological formations, we
must therefore possess a correspondingly complete





















MES0ZOIC or SECONDARY. CAINOZOIC or TERTIARY.

PALEOZOIC or PRIMARY.

Azoic.

Palzontology.

Epocks and Formations.

( Pos_i'-Pl.l;xn.
Glacial Period.

. PLIOCENE, 3,000 feet.

M

MIOCENE, 4,000 ft. ~ *

OLIGOCENE, &000 ft
EOCENE, 10,000 ft.
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Faunal Characters.
Mm:- MaAnbunn»ha prmcnpall; .of ilvnt;g“
species. Mollusca exclnslvely n:ccnt

Mammalia pnnc-pally of recent g'em:n
—living species rare. Mollusca very
smodern.

Mammalia principaly of living familics ;
extinct genera numerous ; species all
extinct. Mollusca largely of recent
species.

Mammalia with numerous extinct fam-
ilies and orders; all the species and
most of the genera extinct. Modern
type Shell-Fish,

LARAMIE, 4,000 ft.

CRmAczoi:vs, lz,u:-ﬂ.
Chalk.

JURASsIC, 6,000 ft.
Qolite.
Lias.

TR1AS, 5,000 ft.
New Red Sandstone.

Passage Beds.

Dinosaurian (bird-like) Reptiles; Ptero-
dactyls (flying Reptiles);  toothed
Birds; carliest Snake ; Lony Fishes;
Crocodiles; Turtles; Ammonites.

Earlicst Birds ; giant Rept les ‘Ichthyo-
saurs, Dinosaurs, Pterodactyls); Am-
monites; Clam-and Snail-Shells very
abundant; decline of Brachiopods;
Butterl‘ly

hrst Mammalnan (Marsupml)_ zgnlled
Cephalopods (Cuttle-Fishes, Belem-
nites); reptilian Foot-Prints.

PERMIAN, 5,000 ft.

CARBONIFEKOUS,
26 ovo ft.
Coal.

DEVONIAN, 18,000 ft.
Old Red Sandstone.

SILURIAN, 33,000 ft.

CAIBRIAN uoool’t.

Ancnuu 30,000 ft.

Earliest true Reptiles.

Earliest Amphibian (Labyrinthodont);
extinction of Trilobites; first Cray-
fish; Beetles; Cockroaches; Centi-
pedes; Spiders.

Cartilaginous and Ganoid Fishes; ear-
licst land (smail) and freshwater
Shells; Shell-Fish abundant ; decline
of Trilobites; Ma) flies ; Crab

Earhut Fish; the first Alr Breathen
(Insect, Scorpion); Brachiopods and
4-gilled Cephalopods very abundant;
Trilobites ; Corals ; Graptolites.

Tnlolmes Bmchxopod Mollusks.

Huronian, Eozo0n (probably not a fossil).
Laurentian,
PRIMEVAL. Non-sedimentary.
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structure to another in the phylogenetic history of
tails. This has been so clearly and so tersely conveyed

F1G. 67.—Successive stages in the development of an existing Deer's
Antlers. (After Gaudry, but a Letter illusiration has already been
given on p. 100.)

B

F1G. 68.—Ilumo.crcal Tail, showing (A) external form and
(8B) internal structure.

by Prof Le Conte, that I cannot do better than quote
his statement.
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It has long been noticed that there are among fishes two styles
of tail-fins. These are the even-lobed, or homocercal (Fig. 68),
and the uneven-lobed, or heterocercal (Fig. 69). The one is
characteristic of ordinary fishes teleosts), the other of sharks

A

B

F1G. 69.—Heterccercal Tail, showing (A) external form and
(B) internal structure.

F1G. 70.—Vertebrated but symmetrical fin .dij hycercal), showing
(A) external form and B) inteinal structure.

and some other orders. In structure the difference is even more
fundamental than in form. In the former style the backbone
stops abruptly in a series of short, enlarged joints, and thence
sends off rays to form the tail-fin (Fig. 68); in the latter the
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occur in the sundry branches of the mammalian type
now living. As we shall presently sec, the modi-
fications which the limbs have undergone in these

5, bones of the wrist; 6, boifes

and Horse. After Le Conte)

bones of forc-arm

’

a,b

’

¢, coracoul ;

shoulder-blade;
of the hand ; 7, bones of the fingers.

Se,

F16. 76.—Anterior limb of Man, Dog, Hog, Sheep,

sundry branches chiefly consist in the suppression of
some parts and the exaggerated development of others.
But, by comparing all mammalian limbs together, it is
easy to obtain a generalized type of mammalian limb,
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understood, that although in the case of many other
mammalia some of these bones may be dwindled or
altogether absent, while others may be greatly ex-
aggerated as to relative size, in no case do any
additional bones appear. .

On looking, then, at the skeleton of a bear (Fig. 74),
the first thing to observe is that there is a perfect serial
homology between the bones of the hind legs and of .
the fore legs. The thigh-bone, or femur, corresponds
to the shoulder-bone, or humerus; the two shank
bones (tibia and fibula)correspond to the two arm-bones
(radius and ulna) ; the many little ankle-bones (tarsals)
correspond to the many little wrist-bones (carpals) ;
the foot-bones (meta-tarsals) correspond to the hand-
bones (meta-carpals) ; and, lastly, the bones of each
of the toes correspond to those of each of the fingers.

The next thing to obscrve is, that the disposition of
bones in the case of the bear is such that the animal
walks in the way that has been called plantigrade.
That is to say, all the bones of the fingers, as well as
those of the tocs, fcet, and ankles, rest upon the ground,
or help to constitute the “soles.” Qur own feet are
constructed on a closely similar pattern. But in the
majority of living mammalian forms this is not the
case. For the majority of mammals are what has
been called digitigrade. That is to say, the bones of
the limb are so disposed that both the foot and hand
bones, and therefore also the ankle and wrist, are
removed from the ground altogetker, so that the
animal walks exclusively upon its tocs and fingers—as
in the case of this skeleton (Fig. 75), which is the skele-
ton of a lion. The next figures display a series of

_limbs, showing the progressive passage of a completely
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F16. 86.—Comparative series of Brains. (After Le Conte) The series reads from
above downwards, and represents diagrammatically the brain of a Fish, a Reptil
a Bird, a Mammal, and a Man. In cach case the letter A marks a side view, a
the letter B a top view. The small italics throughout signify the following homo-
logous parts: s, medulla; b, cerebellum; op, optic lobes; ¢, cercbrum and
thalamus; o/, olfactory lobes. The serics shows a progressive consolidation and
enlargement of the brain in general, and of the cerebrum and cerebellum in
particular, which likewise exhibit continually advancing structure in respect of
convolution. In the: case of Man, these two parts of the brain have grown to so
“—=nt a sise that they conceal all the other parts from the superficial points of view

wented in the diagram.
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position (B). “The skull exhibits a partial attenua-
tion anteriorly, the premaxillaries are directed about

Fi1G. 88.—Skulls of—A, Canadian Stag ; B, Cervalces Americanus ;
and C, Elk. (After Heilprin,)

equally downward and forward, and the nasal bones
are measurably contracted in size. The horns like-
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Near the village of Steinheim, in Wiirtemberg,
there is an ancient lake-basin, dating from Tertiary

!
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F1G. 89.—Transmutations of Planorbis. (After Hyatt.)

times. The lake has long ago dried up; - but its
aqueous deposits are extraordinarily rich in fossil
shells, especially of different species of the genus
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Lastly, attention may here again be directed to the
very instructive series of shells which has already
been shown in a previous chapter, and which serves
to illustrate the successive geological forms of Paludina
from the Tertiary beds of Slavonia, as depicted by
Prof. Ncumayr of Vienna. (Fig. 1, p. 19.)



CHAPTER VI,

GEOGRAPHICAL DISTRIBUTION.

THE argument from geology is the argument from
the distribution of species in time. I will next take
the argument from the distribution of species in space—
that is, the present geographical distribution of plants
and animals.

Sceing that the theory of descent with adaptive
modification implies slow and gradual change of one
species into another, and progressively still more. slow
and gradual changes of one genus, family, or order
into another genus. family, or order, we should expect
on this theory that thc organic types liyng on any
given gcographical area would be found Po resemble
or to differ from organic types living elsewhere, ac-
cording as the area is connected with or disconnected
from other gcographical areas. For instance, the
large continental islands of Australia and New Zealand
are widely disconnected from all other lands of the
world, and deep sca soundings show that they have
probably been thus disconnected, either since the time
of their origin, or, at the lcast, through immense
geological epochs. The theory of evolution, there- .
fore, would expect to find two general facts with
regard to the inhabitants of these islands. First, that




































































































































248 Darwin, and after Darwin.

faunas, or by reaches of ocean in the case of terrestrial
faunas—stocking oceanic islands with an enormous
profusion of peculiar species all allied to those on the
ncarest mainlands,yet everywhere avoiding the creation
upon them of any amphibian or mammal, except an
occasional bat. We are familiar with the doctrine
that God is a God who hideth himself; here, however,
it scems to me, we should have but a thinly-veiled
insinuation, not mercly that in his works he is
hidden, but that in these works he is untrue. Than
which I cannot conceive a stronger condemnation of
the theory which it has been my object faidy to
represent and dispassionately to criticise,
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cascs of adaptation which are to be met with in organic
nature, as intelligent design could be. Hence, our
choice as between these two hypotheses must be go-
verned by a study of all collateral circumstances ; that
is to say, by a study of the evidences in favour of the
physical explanation. To this study, therefore, we
shall now address ourselves, in the course of the follow-
ing chapters.
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resemble natural species in all other respects, never-
theless present one conspicuous and highly important
point of difference: they rarely, if ever, present the
physiological character of mutual infertility, which is
a character of extremely general occurrence in the
case of natural species, even when these are most
necarly allied.

I will deal with these two objections in the next
chapter, where I shall be concerned with the meeting
of all the objections which have ever been urged
against the theory of natural selection. Meanwhile I
am engaged only in presenting the general arguments
which support the theory, and therefore mention these

_objections to one of them merely en passant. And 1
do so in order to pledge myself effectually to dispose
of them later on, so that for the purposes of my present
argument both these objections may be provisionally
regarded as non-existent; which means, in other
words, that we may provisionally regard the analogy
between artificial selcction and natural selection as
cverywhere logically intact.

To sum up, then, the results of the foregoing
exposition thus far, what I hold to be the three
principal, or most general, arguments in favour of the
theory of natural sclection, are as follows.

First, there is the @ privri consideration that, if on.
independent grounds we belicve in the theory of
evolution at all, it becomes obvious that natural
selection must have had some part in the process.
For no one can deny the potent facts of heredity,
variability, the struggle for existence, and survival of
the fittest. But to admit these facts is to admit
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those belonging to a different order of insect, when
the latter is engaged in its peculiar avocation. A
glance at the figure is enough to show the means
employed and the result attained. In A, an ant and
its mimic are represented as about 2} times their
natural size, and both proceeding in the same direction.
It ought to be mentioned, however, that in reality
the margin of the leaf is seldom allowed to retain its
natural serrations as here depicted : the ants usually
gnaw the edge of the real leaf, so that the margin of
the false one bears an even closer resemblance to it
than the illustration represents. B is a drawing from
life of a group of five ants carrying leaves, and their
mimic walking beside them!.

! Both drawings are reproduced from Mr. Poulton’s paper upon the
subject (Proc. Zool. Soc., June 16, 1891),
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cedent causation which serves as a condition to the
process. Much more than half the battle would
already have been won, had Darwin’s predecessors
been able to explain the causes of Heredity and
Variation ;. hence it is but a very partial victory
which we have hitherto gained in our recent discovery
of the effects of Struggle and Survival.

Yet partial though it be in relation to the whole
battle, in itself, or considered absolutely, there can be
no reasonable doubt that it constitutes the greatest —
single victory which has ever been gained by the —
science of Biology. For this very reason, however,
it behoves us to consider all the more carefully the
extent to which it goes. But my discussion of this
matter must be relegated to the next volume, where
I hope to give abundant proof of the soundness of
Darwin’s judgment as conveyed in the words:—]
am convinced that natural selection has been the main,
but not the exclusive, means of modification.”
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of time on the one hand, and with degrees of evolution, of
change of environment, &c., on the other. Or, in the
words of Le Conte, when dealing with this very subject, It
is impossible to conceive a more beautiful illustration of

19

the principles we have been trying to enforce .

! Evolution and its Relation to Religious Thought, p. 194,

























450 Darwin, and after Larwn.

—so0 essentially important- for his theory—he does not even
attempt to show. Lastly, and quite apart from these remarkable
oversights, even if Mr. Tylor’s hypothesis were as reasonable and
well-sustained as it is fanciful and inadequate, still it could not
apply to sexual colouration : it could apply only to colouration
as affected by physiological functions common to both secxes.
Yet it is in order to furnish a * preferable substitute” for Mr.
Darwin’s theory of sexwal colouration, that Mr. Wallace adduces
the hypothesis in question as one of “great weight”! In this
matter, therefore, 1 entirely agree with Poulton and Lloyd
Morgan.
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